Background and Purpose-Poststroke depression (PSD) is a frequent complication of stroke with detrimental consequences in terms of quality of life and functional outcomes. In individuals with major depression, several studies have demonstrated an alteration of affective prosody. The aim of this study is to identify prosodic markers that may be predictive of PSD. Methods-Patient voices were recorded at baseline and 3 months after stroke. We extracted prosodic parameters, including fundamental frequency, percentage of voice breaks, and shimmer. Depression and anxiety symptoms were assessed 3 months later. Results-Among the 49 patients included in the study, 22.5% developed PSD 3 months after stroke. A significant decrease was observed concerning the fundamental frequency among patients who developed PSD. Discriminant analysis demonstrated that initial voice breaks coupled with shimmer are strongly predictive of subsequent PSD. Conclusions-Early alterations of affective prosody are associated with a higher risk of PSD 3 months after a stroke. This new physiological approach overcomes traditional barriers associated with clinical instruments and contributes to the prediction of this disorder.
N europsychiatric disorders occur frequently after stroke and have a detrimental impact on functional outcomes and quality of life. 1 Poststroke depression (PSD) is considered the most frequent clinical expression of these disorders and is often diagnosed at least 3 months after stroke. 2 The identification of patients at risk for developing this disorder remains an important issue for clinicians because its early diagnosis is essential to improve therapeutic strategies. Although the need to identify new biomarkers 3 associated with PSD is increasingly recognized, progress has been slow, despite considerable investment. 4 The diagnosis of PSD is often complex because of the strong overlap between somatic symptoms related to stroke and those reported by patients during a depressive state. It is, therefore, essential that symptoms specific to PSD be identified. Impairment of affective prosody, defined as extraverbal information indicating the emotional state of the speaker, independent of verbal content, 5 has been extensively reported in major depression. Prosody is defined as the set of objective parameters: the fundamental frequency of the voice signal (F 0 ), the intensity of the sound emission, the shimmer (small variations in glottal pulse amplitude), voice breaks, and the speech rate. Prosody is mediated by the right hemisphere, which is known to influence emotional communication. 6 Although several studies have demonstrated that depressed patients speak louder and at a slower rate than healthy controls, 7 the findings regarding prosody have been less consistent with some studies observing reductions in F 0 range, averages, or variability, 5 as well as alterations of shimmer. 8 The aim of this pilot study is, therefore, to evaluate the role of affective prosody in the first days after stroke in the prediction of PSD measured 3 months (M3) later. Because changes in emotional states are often coupled with modifications in laryngeal tension and subglottal pressure, 9 it is hypothesized that affective prosody would be a reliable biomarker of this disorder.
Methods

Sample
Participants were patients admitted to the stroke unit for minor ischemic stroke (National Institutes of Health stroke scale <4) and confirmed by magnetic resonance imaging. Main exclusion criteria were (1) having a history of dementia, major depression, or anxiety disorders; (2) 
Prosodic Evaluation
Patient voices were recorded within 4 days after stroke onset (baseline) and M3 after stroke using 2 separate tasks: a picture description (Boston Diagnostic Aphasia Examination; BDAE 11 ) and an oral reading story (Lion story, Barbizet). The PRAAT 12 software was used by a speech therapist to process recordings.
Several voice parameters were measured: the standard deviation of the fundamental frequency, fundamental frequency range, percentage of voice breaks, and shimmer. The difference between each voice parameter measured at baseline and M3 was calculated.
Statistical Analysis
The characteristics of the depressed and nondepressed patients were compared using Mann-Whitney U tests. Chi-square tests were used to compare sex and stroke laterality. We created a model to predict group assignment through a discriminant analysis. This model is composed of a discriminant function based on linear combinations of prosodic predictor variables. The functions are generated from a sample of observations for which the assignment group is known based on clinical criteria and the HADS at 3 months. We calculated sensitivity and specificity based on predicted group and observed group membership. All statistical analyses were performed using SPSS version 20.0.
Results
Among the 49 patients included in the study, 22.5% developed PSD M3 after stroke. The sociodemographic and clinical characteristics are presented in the Table. None of the patients received thrombolysis in the acute phase; 54% had a right brain lesion.
Affective Prosody
Among the prosodic variables assessed by both tasks, only fundamental frequency was associated with patient sex (P<0.001) but not with lesion lateralization. Concerning the reading task, the analyses showed that baseline voice break percentages were significantly higher in patients with PSD (P=0.047) and decreased significantly in this group between baseline and M3 (P=0.002). Shimmer was significantly lower in the PSD group at baseline (P=0.002) and at M3 (P=0.033). Changes in F 0 standard deviation were significantly different between the PSD and the non-PSD groups for both the reading and the description tasks (P=0.020 and P=0.012; online-only Data Supplement). There was a significant inverse association between F 0 standard deviation and severity of depressive symptoms when adjusting for sex (P=0.015). There was no difference concerning prosody for patients with or without anxiety.
Discriminant Analysis
Discriminant analysis of the baseline voice break percentages and baseline shimmer in the reading task demonstrated discrimination between PSD and non-PSD groups (Wilks λ=0.074; χ 2 =10.262; P=0.002). Patients with a higher discriminant baseline score based on the prosodic parameters were significantly more depressed at M3 (P=0.003); 77.8% of the original observations were correctly classified ( Figure) . Sensitivity and specificity based on discriminant scores were, respectively, 0.88 and 0.75 (online-only Data Supplement).
Discussion
The main results of this pilot study are that a combination of prosodic markers measured early after stroke permits the identification of patients at risk of subsequent PSD. Furthermore, lower shimmer at M3 is observed in patients with PSD, and changes in prosodic characteristics between baseline and M3 are observed in individuals with this disorder.
The observation of modified prosodic parameters in patients with PSD is in line with previous reports in major depression, 5 reinforcing the hypothesis that both disorders may share similar pathophysiological mechanisms. This result suggests that the investigation of affective prosody could help clinicians to improve assessments. In accordance with previous studies, 
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we observed that fundamental frequency is influenced by sex. 13 Because women were over-represented in our study, we adjusted our analysis by sex, and our results were replicated when examining men only. Furthermore, although several studies have suggested the potential influence of left brain lesions on the risk of PSD, 14 recent reviews do not support this association, 1, 4 and there were no significant differences between PSD and non-PSD groups concerning stroke lateralization in our study. We observed significantly higher levels of anxiety symptoms among PSD patients, thus raising concerns about the potential influence of anxiety on prosodic parameters. However, we did not observe an association between prosodic parameters and the severity of anxiety.
The main result of this study is the strong discriminant ability of measurements of baseline prosodic parameters in the identification of patients at risk of PSD at M3. A recent study demonstrated that hearing one's own voice influences one's own mood, 15 suggesting that early deterioration of affective prosody could, therefore, negatively influence patients' mood. Fundamental frequency variation is known to be more useful for tracking within-patient changes than interindividual differences. 5 For this study, decreases in F 0 variability between baseline and M3 in PSD patients were observed, and although this marker is not a predictor at baseline, these findings suggest the potential interest for tracking within-patient changes.
Despite the well-known association between right hemispheric lesions and affective prosody, 6 we did not observe differences for stroke location and PSD. Nonetheless, the results of this study should be interpreted cautiously because of several limitations. We applied strict exclusion criteria resulting in a small sample size of patients, and therefore, these results cannot be generalized. We also cannot exclude the potential role of subtle language deficits after stroke, although this risk was likely reduced by the exclusion criteria applied. In conclusion, these results indicate that prosodic characteristics are modified in stroke patients with PSD M3 after stroke and that baseline evaluation of this new biomarker could improve our ability to detect patients at higher risk of PSD and, therefore, improving its management.
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